In this work, the possibility of laser aided curing of GnP/epoxy nanocomposites is explored by means of finite element analysis. A multiscale and multi-physics analysis is performed to identify and optimise critical manufacturing parameters -laser speed and power. The proposed model is parametrically studied and its results are thoroughly discussed in terms of polymerisation degree and temperature field depth. Finally, the laser scanning of a specimen was conducted and the polymerisation performance was recorded. 37 In terms of graphene ability to absorb light, it is combined with laser heating in the 38 simulation of the next study [12] . In specific, it investigates heat transfer on the multi-layered 39 structure with graphene overcoat induced by laser heating.
40
Knowledge from all these seemingly irrelevant works has been combined to form a 41 multi-scale finite element model to simulate the curing of graphene/polymer nanocomposite.
42 At first, a unit cell consisting of the GnP particle and the liquid epoxy is consideredto 43 determine the temperature dependent thermal conductivity and specific enthalpy. Afterwards, 44 a macroscopic specimen, on which the unit cell obtained properties are distributed, is 45 subjected to laser loading conditions and the effect of the laser speed and power on the 46 polymerisation degree and temperature field depth are found. Considering all the selected 47 data, it will be shown that the polymerisation degree and the penetration of the temperature 48 field increases with decreasing laser speed and increasing laser power, forming a scheme of 49 highly customised manufacturing process in accordance to the specimen thickness and 50 production line rate.
51 2 Multi-scale finite element model
52
The unit cell is a square plate consisting of the GnP particle and its surrounding liquid 53 polymer. Between the GnP and the polymer, thermal contact elements were applied, 54 simulating the interfacial thermal resistance (Figure 1(a) ). The geometry was built with 55 SOLID70 3D 8-node thermal solid elements. The interfacial resistance was modelled through 56 CONT174 -3D 8-node surface to surface contact element-and TARGE170 -3D target 57 segment -and it was approached by a temperature dependent Kapitza resistance. For both 58 phases, temperature-dependent properties were assumed. For the case of epoxy, the specific 59 reaction enthalpy of a two-component resin (Biresin CR170/CH150-3) was modelled for 60 temperature rate of 1K/min as recorded [13] . The thermal conductivity exhibited the same 61 trend as the specific reaction enthalpy with K=0.06W/mK when the polymerisation degree is 62 0 (liquid) and K=0.19W/mK when the polymer is fully polymerised (solid). Accordingly, the 63 applied response for GnP was retrieved by the work [14] . The temperature-dependent thermal 64 properties were obtained at this level, to be afterwards distributed in the specimen model.
65
The specimen is a rectangular cuboid with length of 10mm, width of 5mm and 
88
One of the most crucial manufacturing parameters is the temperature field depth 89 achieved, deciding the thickness of the final product. The effect of the laser power and speed 90 on the temperature field depth was studied for 1.0-12.5wt% nanocomposites. The depth was 91 decided as the distance from the top/heated surface to the point where the temperature was 92 raised to 5% from the initial one (≈308K). The through-the-thickness temperature field was 93 measured at the centre of the specimen at the middle of the process. In Figure 3 , the obtained 94 results are presented. In Figure 3(a) , the depth was recorded for 1.5-50% laser power and 
162
The laser power was set to 1.5% for results in (a) and the laser speed was 5mm/s for (b). 
